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tiesatiirase feifeywafis 



Thp -mveation relates to transgealc cells trLsforaied -mXh. nucleic acid mo Wes 



wWch encode enssymes vtfifli desaturase 
enzymes in bLooataly$is< 



25 



and the use of these cells aad 



Des«tursses aie aizymes iovolved in fte syxleais of long dhaia polyunaatnrated fetty 
aoid« ^As). PUFAs a» fetty 8dda (iks) which are essential to the nSKBoal 
jEuiictioninsofaceUimdl]iMrnutnti«i&lF An fflKunple of 

a PUFA is docosah^cenoic a«d pHA). DhL is a n-3 fetiy add ttiat can be obtailied 
directly fiom die diet or derived from metaljoliatn of dietary Bnoleko and a-linolenlc 
acid. "Hie n-3 fatty aads are associatad Utb beaKh pramOtSng ptopatLeB. For 
exan^le n-S fetty acids bave been describid as anti-inflffl»matoiy, antithrambolic, 
aHtiaxrtyflumc, Ixypolipidetnic and vasodilAoiy, Afl such, the role of DHA in the 
pievention and/or treatment of diseases SWE as coronary heart disease, hypesteosion. 
type n diabetes, octilar diseases, arthritis, c|stie fibrosis and sCUzophiBnia has been 
liie focus of a great deal of medical researcl 

The production of RJFAs involves a cLsecutive series of desattttattom and 
dongations of U>e fetty acyl chain to generate arachidonic acid (20:4A5,841,14) and 
docosahexaenoic add (22'.6A4.7,l0,13.l6,lp). Several desa-txurases involved in this 
metiibolic process have been isolated I fix^m marine mlcroal^. including 
Phaeodactybim tricormOim [5], EugUna g^h^rf/te [6] and Pavlova lutheH [7]. Ibese 
meiritaaoe-boimd desaturases a« specific >ifli respect to both chain length of the 
substrate and «xb doiible bond positions o» the fatJy acid, they belosng to the class 
known as fitHrt-end fedy acid desatotases to the fact that they introduce double 
bonds between the oarboxy-gronp and pni-existins bond(s) of the fatty acid [1]. 
These desaturases contain a cytochrome 65 domain at ibeir N-teaminus and thtee 
histidine naolife that are in^Katant for caialji^c activity [10]. 



30 
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Deeatuxase enzymes and the g^^i w3?icli ^code them ate kntown in the art For 
example^ WO03/064596 describles, amluggt otliex things, transgenic cells 
trmisfortoed with omega. 3 and deltat 12 desaWase nucleic acid molecules and the use 
of these cells in the production of 'fatty acias. In partioular the of the omega 3 
desatOT^Lse in the conversion of araclhidonio add to eicosapentaenoic acid and the use 
of the delta 12 desaturase in tine convLrsion of oleic acid to liooteic acid. 
WO03/099216 also descxjibes fimg^I desatijrases and In particular transgenic plante 
modified to express jSmgal delta iSljdbsatiua se esozymes. 

I ! 

I 

I 

Fuxtliennore, US2003/0157144 an^ U$2O03/Ol67525 disclose delta S and delta 6 

desaturase genes in the ooAverfiionjof dihon loylinoleDic acid to Urachidonic acid and 

I 

linoleio acid to Y-liiiiolenic acid n^ecti^^ely. Moreover, US2003/134400 disoIosK 
delta 4 defiaturase g&DSS wMch axelnvolvec! | in the conyersion of adienic acid to 
docos^<sntaenoic acid and in tbfs coiXVesiSiOA of 0)3- docosaprataenoic acid to 
docosahe!s:a0noic acid. These rare tatty acid^ dre tt$ed in f^anxiaouti&al and cosmetic 
compositions and can be esseibti^ njiriiid^ &tty acids. 



Beside$ the cojtnmon FAs 16:0, 



20 species. For instanbej presence of; 



6:169, 



organism^^ trace amounts of more tinusual mtty acids can he found in a wide range of 



16:1A11 



Pavlova^ m the EustigmatophyteS iVtowocfttoropiSfc oculata^ and rti the diatoms 

Phaeodactylum tricomut^m and ^Jhalassihsira pseudonana [11^^12,13]. This FA 

accounted for a veiy small portiqn of the total FAs in these microalgae^ and its 

■• 

specific role in the algal cells is junknown. Hdwev^er, this FA is a very important 
25 precursor in the synthesis of plieromones in insects. Sex pheromones are species* 
specific blejads of unsaturated fatty acid ( UFA) derivatives thAt differ in terminal 
imjctional group and in the numhei positio|t and configuration (Z or E) of flhie double 

acyl-CoA desatorases [14,15], Simple 
pixiCtHcsots in llie foxmation of nii^or ^ 
30 phctoiiiOme con]cpon^$ in the mok^ lAp dopi&ta [16, IT}. For instance^ ia the cfxm 
eawofiflci H&liiiov&tpa ss&a^ which produces a pheromone xoixture of Zl 1-16: Aid and 



bond(s)a which are produced by| various 
monoene All UPAs are the most prevalent 
phetoiiiOme components in the tsi^oa^o^ L^p 



18:0 and 18:1 A9 found in most living 



has been reported in several Species of 



t 



6. Apr. 2004 15:25 



HARRISON 6O00AR0 FQO 



NO. 838 P. 6 



10 



15 



20 



Z9-l6:A!ld m a 30:1 ratio, the 2]|Lost abuidant desaturase-eacodiiig traxxscxipt is 
Bz&aLPAQ (also called HzPODsl\ whioli snoodes a All-desaturase that does not 
possess a cytodbrome hJ extensioy, and l!t ^inefbre rei^uves jGpee cyfcqcbiome bS tat 
aictivity. Maay acyl-CoA All-de^aturases ixrith. different specifidllies have ham 
isolated jGrom iosects [14^15], "but pone £bo ax ottiar species. We desoribb tte fust 
charsict&nsa&m of a cytochrOzne ^ijdj&Sdftmal'e exiaibitmg All-dessturase activify. 

AQCOTE&ig to sol aspect of the invec^on ther& is prcvided a traosgenic cdl comprisizig 
a nucleic acid molecule which coix^^^^^ ^ nucleic acid seque^Dce vM<3x mcleic acid 
molecule consists of the sequence^ as xeprGsented in Figures 5a, 5b, 6a, 6z, 7a^ 8a» 
8b^ 9a, 10a, 11a, lib, lid or xc^icleLC m& mokoulcs which hiybridiso to those 
sequences, Twrtaeoceijtt said imcldic i^id molecules encode a polypeptide wMch has 
desatutaee activxiy. 



1 



In a pre£m!ed eimbodimeiit of the bl vmxt 
hybtidisatiOA co0ditio»s. 



nucleic acid sequence which has ati 



itiou said hybridisation o<»Dditions are string^ 



In a preferred embodiment of the inv^tiaii said nucleic acid molecule comprises a 



least ZOfa homology to the nucleic acid sequence 



neprsseatfed in Figures 5a, 5b, 6a, 7a, Ss, Sb^ 9a, 10a* lla^ lib, lid. Preferably 
said homology is at l$ast 40%, 50^j&, ^0%, JOYd, 80%, 90%, or at least 99% identity 
wiax the nucleiic acid sequence xep|esettted k Figures 5a, 5b, 6^ 7a, 8a, 8b, 9a, 10a, 
1 la, lib aad which eiicodes a pol^e{)rdde which has desatujca$e actrvity» 

25 The sequence of desatuiase nucMc acids may be modified to produce v&mnt 
enzymes with enhanced expressio|. in cells |. For example, the addition of a codtm 
that encodes an alanine amino |acid majr facilitate recombinant expression in 
microbial systems e.g. yeast. These mo 3ifics{ions inay not be required in all 
^^ression systems but is sometimes desirat Le. 

30 
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fii a pieferred embodiment of tHe imyention Jaid nUclaC aoid molecule oamittises liie 
nucleic acid seqweape as represented, in Figuies 5^ 5b, 6a, 6o 7a, Sa, 8b, 9a, 10a. 11a, 
1 lb, lid. Preferably said nucleic aJid luoledule consists of tte Uucldo acid sequeac© 
as KpreseitJted in Figures 5a, 5b. 6a,i7a, Ba, Sjs, 9a, 10a, 11a, lib. 



Id a ftirlher preferred embodimeait of the 



iLuveation said oeU oveivespresses said 



desatoniffie encoded by said nucleio ^d inol< [cule. 

M a prefeixed embodimfint of thQiinventioj^i said over-expression is at least 2-fold 
10 bighsr wjifitt cttnqjarcd to anon-tratisfomed reference cell of fte same spedes. 

Preferably said over-eotpression isj at least 3-foM, 4-foM, 5-fold, 6-fold. 7-foW, &- 
fold, 9-fold, or at least 10-fold whei comjiai ed to anon-tamafoimed reference cell of 
Qie same spedw. 



la apreferred cmbodimeSBt t>fih& rii vea&aa i aid nuoleic add molecule i6 a cDNA- 

M yet a fittflier pJiefeired embodim^ of flie | inventiaa said nudftic add molecule is a 
genomic DNA. 



la a ppefewed embodiment of the jjavaation 
nuoleic acid molecule compiismg 



said tranBgooic cell ia tcauafbcted vdtti a 
nuoieic aoia moieouie wmpn^uii^ ja. nucleic acid sequence as repcBiseated by Figine 
10a and which encodes a desatnraiie polyplptide tvhetein said polypeplide has All- 
desatorase activity, or a nucleic aoid moleiula which hybridises to flie nucleic a«5id 
moletuJe in Fi^e 10a and eacodeS a polyptptide wilii Al 1-desaturase activily. 



Bi an alteniative prefeixed eihbc|3iment <»f the invention said transgemc cell is 
ttansfected with a nucleic acid iliolecule 
represented by Figure 8a and whifh encod 
30 polypeptide has A6-deBatora$e> activity, or nucleic aoid molecule which hybridises 



4 



coniprieiflie a nucleic acid sequence as 
5S a desaturase polypeptide wherein said 
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la apieferred embodiment of the v^ea&aa skicl transgenic ceHis a wika^jotic ceU, 



la an alteraative preferred embodioteat: df 
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and Encodes a polypeptide wifli A6- 



inveaitioii said ce]] is a piokaryotio cell. 



laa ftwtfaerprefened enibodiment c^lhe iiwinlioasaid eukaiyotio oeliis aplant calL 



Plants wMcti iaolude a plasa a|cardiiig 
seeds produced Tsy sedd plaatMS. | 



to the incrantici'ii ax® also provided as axe 



liL a pref«nred embodimsat of the kveolioi|i said plant is selected fioam cwn (Zte 
warvj), canola (Brassica nupr^ B^assiea r^pa ssp.), flax {Linum usiiaiissimaH\ 
(Medicago sativd), dee (O^^a jarival), rye (Secale cerate), sorghum (^-o/^Awi 
bicolor. Sorghum vulgareX sunflovfet (Heu'^ntkas anmtsX wheat (7W?i«in flsyXmon), 
BOybeaa i&yidne max), tobacco (i|ifco/ffl«a| to&oc«»a), potato {Solanum tuberosum), 
p&amt& (Arackfs hj^aea}, com^i (Goss^ptm hirsutumX sweet pota*o (lopmoea 
bateaus\ oassstvA (Maiafto? escuten\a\ coffe^ (Cofea sppO, cocomt (Corns nudfera), 
pineapple (4«aiai citrisjtree (Ciinw spp.) tocoa (I5ieo6rb»ia cocck.), tea 

kvacado (Persea americana}, fig (FicitS 
Lwifca), gnaw (PS<{S«m g«<?itovaX jinango ( Ifonssfer mrffca), ofive (Olea eurcpaea), 
papaya CCi»i<w/«3»a>«), cashew (^nacar^ tm ocdd&niaI&\ macadamia (Micadaww 

sugar beets (BisTa vur?goris)» 03ls> badey. 



25 vegetables and oniaaiten,tala. 



Ptefetahly, plants of the prtseat invention b» crop plants (for eiManple, cereals and 
piilses, maize, whisat, potatoes, tajioca, ricL sorghnm, millet, oaasava. bartey, pea), 
and oflier xoot, tuber or seed oro^s. Bnpcrtant seed ctops are oil-Beed sugw 
30 beet, maize, sunflower. soybean,5c|r^nm, and flax (Unseed), HorticultOiaJ plants to 
which the present invention ma|r be ^[^lied may indttde lertaces, eftdive. and 
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vegetable biassioas ijjcluding fcabW broccoli, and caaliflawer. Tbs preBent 
invention maybe applied in tobaooJ^ cucfurbi ts, carrot, strawfljerry, suiiflow«Ki tomato, 
pepper. | 

Grain pl««te that provide seeds ofjintexest jjuclude oil-seed plants and legummoUs 
plMis. Seeds of interest include jgrain stjeds, sack as com, wheat, barley, rice, 
florghum, xye. ete. -Cm-s«?ad-planiljnol«dx[_cotton,. soybean, samow, sunflower, 
Brassica, maize. al&Ka, pabia, eocj*^** ^\ LeS™K>»* include beans and 

p«as. BewM include guar, locust ijean, fenjxgreefc soybean, gardeu beww, oowpea, 

mnn^ean, lima bean, &vabeen, lentils* {M^kpea, ets. 

t I 
I 

I 

AccoKding to a fiirfher aspect of thiji inv«ati a tbeis is provided a. seed cofmprising a 
plant cdl according to tibe inventioi - Prefraitoly said seed ia firan an oil seed plant 

According to a yet ftirther aspect ojfliie inwsntion there is providad a leaotioii vessel 
comprising at least one polypepti4 aoooidi og to the inveation, fetty «ad substrates 
aiid co-fectors wbereto said vesadijis adaptid fia: the desaturation of said fifty acdds 

t 

snbstrates. { 




i 



L03 L said.polypeptide is eotpressed by a caaU. 



20 Ea a preferred embodiment of die |iiventic 
according to tbe invention. j 



Preferably said cell is a eiikSiyotic \ jell, for example a yeast Oellr 

\ 

25 In an alternative prefsied embodiflliexit of ft!e invention said cell is a prokaiyotic cclL 

According to a ftHCtfte^r aspect o|: tho toieitfion there is provided a method to 
dcsatnrate a fetty acid substrate ooriiprising he steps of: 

i) providing a reaotiorij vessel a pcoxdiiig to the ibavetttion; and 
30 H) growing said cells Contained in said reaction vessel under conditions 

•wldcli allow ihe des^Hati^^njof at least one fatty acid substrate. 



mm 37:06- Apr- : ^4:19? 
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An embodimfittt of the invention vjpll noxy jbfe descsribed by emaple only and witibt 
ref^retiiM to thp foUowmg tables mi figures: 



5 Table 1 illustrates tbe composition of major 



'atty acids in 71 ps&udonana; 



Table % illbiistnates tfas mjor fatty adds of : >YBS and pYDESN yeast transfbrmants 
tfdfh and without addition of c^ogeilous saturated fatty adldeQ 



10 Table 3 ilhistrates ttie A6 de$atuf|i5e activity of I^DESI conipared to that of an 
homologous Fhaeodactyium tric&r^usum d^ iatuxase; 



Figuxe 1 Ulnstrates the p(Cedioted| protein 



si^xjieaices with, homology 1o &>nt-end 
desatuxases derived from the 7*. pji^donan i draft genome. Sequence atignmftntB of 
12 putative r. pseudonana de&a£ura|ses wiik bther fliinotiO:rial]y diaractedsed front-end 
desaturase enzymes identified thr|e nx^iia bilocks of homology that represeaat tlie 
funct][onal domains of front-ezid jacyl desaturases (A). The darker shaded box 
highlights the cytochrome 65 haeni-bindio^ domain and shaded boxes indicate ttxtee 
bi$ti:dfaie boxes. See Material and Jt|[ethods f 3r Geaabank Accession tjuitiiber and source 
species of the functionally characiiteriised ektsyixies. A phylogemetic tree of nine T. 
pseudonana desatiira$e$ ^fh othei" enzymes was constructed (B). By removing the 
i^ons contaiiEjiag gaps (ambiguou'k alignropnt region), a dataset was created from an 
alignment origrnally made mth clIistalSL Tlhe tree was constructed firom the dataset 
using PhyUp3.5c software paofcagefand booibtrap analyses were carried out with 1000 
replicates. Only well supported no4e5 (over!70%) are indicated with bootstrap values. 
All branches are drawn to scale as pdioatec | by the scale bar (=0.1 substitutionS/site)- 
TpDESN sequence is 477 mmo icida lorig (C). The cytochrome 65 Aaem-bindiug 



domain is on a shaded backgmundjpnd the l|3[ree histidine-boK^j? are framed; 

j 

Mgure 2 illustrates RT-PCR exprtlssion aallysis of TpdesN. Cells were harvested at 
different stage$ of growth for total RNA extraction and cDNA synthesis (A)- PCR 
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perfoimed on cDNA. destivBd rev^e transcsribed UNA usiiig TpdesN and 
18s rSNA specific primer pairs Csi PGR w as canied out on imdilTrted Qm& 1) and 
five-fbld serial dilutions (lane 2-4) \t each c] J>NA. The 18S iKNA g«ne was used as a 
control of cDNA synthesis. EE: eajjly expon Eatial pljiase, LE: late eoqponsttJial phase, 
ES: early statiLonsoy phase; ] 



Figwce 3 illustrates .GC analysis of FAMEs 
plasiuid pYES2 or the plasttrid conltainilis 
with either vYBS% (A) to pYDESli (B) wc 



from yeaiit ttansformed -with the ocupty 
DESN. Invsol yeast strain traasformed 
e induced for tibcree days at 20^ without 
10 siipplemeiatation before sauapling filr fetty alid analysis. L S. internal ststndaf d (17:0). 
Tb^ espeiiment v^^as repeated Ifareij tiaaoss aid results of a. r^resewtative experiment 
areshowDi; Jj 

— — SigiirB-4 illustrates anass speetia of DMDS FAME adducts ftran pYDBSN 
IS tffliififiamed yeast Mass specixiaa i rftlie pAdS addiict of 16:1A9 FAME* present in 
all yeast sanjples (A). Mass spectcnjaa of tbepMDS addnct of 16:1^1 FAME, wMdi 
was only fbtuid in yeast transftomefi with pYDESN (B). PicoKnyl eaters with specira 
characrtedsttc of Ifi-.liO,! 1 were alsc^identifle^ in these samples (data not shown); and 

Figure 5a is Uie genonuo nucle e acid lequenoe of the dfisatoraa© A ftom T. 
psBodtmemai Figure 5b is the oDljfA 5^u|iDce desatoiaa© A; Figure So amino add 
sequence; \ 



25 



10 



FiguxB 6a is the giaaomio nucleic sicid seqiienoe of desaturase B fiom Thatas^iasira 
ps&udonanai FigUjce 6b is the partial aminb acid sequence; Figure 6c is the cDNA 
sequesnce of desaturasc B; aad Figure 6d i^ the amino a^id sequence of said cDNA 
sequeoice; 



of desaturase E fiom Thakissiosira 



30 



Rgure 7a is the imcleic acid i sequence 
psuedonana; Figure 7b is the axah4> acid sequence 



iSmmM :Q6.-:Apr-Q4 PA-;.?? . 



t 
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Figuxe Sa. is fhe nucleic acid |dque»ce 
ps&idonmai Figure 8b is £he cDI!|tA sequetice; 
sequence 



5 Piguze 9a id the nuoleic acid 
pswdonana; Figare 9b is the mAm 



acid 



of desatutase I &om Thalossiosira 
and Figuxe 8c is toQ ammo acid 



of desaturase K &om T&is/ojiSiiasrfr-a 



sequence; 



Figure 10a is Ike nucleic acid ^queno^ of d^tufase N fiom "ntalassiosira 

Figuie 11a is nucleic add keqtiieiic^ of desatiira&e O fircou Ultaiassiosira 
pseudonana; Figuie lib i$ the cfDIjfA seijumcei Figure lie is the amixiO acid 

se^umce of deisatuxase O vadaot sequenoe 
lie i$ tbe aj^edno acid sequence of said 



sequence; f^igtire lid is die aucleiir acid 



figm Thalassiosira pseudananai ^li Figm ^ 
variant desatuiase O; 



Figure 12A asxd 12B is a GC analysis of FA MEs from yeast expr^eing TpDESIwith 
eKOgmous substrates 18i2A9,12 (A) and 18l3A9,12,15 (B)- New FAs produced from 
endogenous and exogesaous substr^ ies are oMerliiied; Figure 12C is a GC analysis of 
FAMBs ftom yeast transformed iwith a [rector only control compajced to yeast 
transformed with TpDESI; 

Figure 13 is an tUustration of fatty add syntfiesis patjjways; and 



25 Figure 14 is a GC aiialy§i$ of FAMES jfram 



Maitfcrials and Methods 



yeast expressxug TpDESO. 



Identification of imtative Tihala^^idsiya psendonaina desaturase-coding 
30 sequences and phvlogenetic analysis 4ith other functionailv characterised 



desalurases 



9 
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Tb& draft gexxome of the diatom H is^ottjia has been seqjienced to ^roaiinately 
mps times coverage by tib»6 whole, geDom^ shotgun jjxethod. Sequence dala wbi» 
produced by ihfi US Departjneftt oje Energy Joa«t Genome fcstitiite 

ice dala were do'wniloaded and instalted 



25 



5 (jitt p://www,igi.doe.gov/) and th© taw sequ 

on a local sanrer. Batch tblastn searches weije carried out usitig protein sequences of 
die following 13 laiovm desatur|ses as |iueiy, iocludiag PlDESl (AY332747, 
Pavhva hah&n), TFAD4 (AF4895|9, Thn^^iftocf^um sp. ATCC 21685), TPAIOS 
(AF4895SS, Thraustochytrium \p. AljCC 21685), PtDELS (AY0B2392. 
10 PhaeQda&yhm tricormdum), Pid|eL)5 (Af 0S2393, Fhaeodactylum tricoi7ivtum\ 
EgDELS (AJF139720, ^w^fenfl g^-<^ci/£s), ^^EW <AY278558, ^if^fana graciiis), 
ZjODEL (AF309556* Panib ^-erlo), ^oDEM (U79010, Bcrago qffidnalis), iSsDELS 
(AF084558, JShma Si^iens), H^EL6 (|aF084559, Homo sapiens), CeDELS 
(AF031477, CaenarhabdiUs eleg^) and! CeDELS ( AF07S7g6> CamorJtabditts 
15 elegans). 

t 

All non-icdTOdant seqwemjes '9Kfi3 an E vldne less flian 0.001 -wrcre Wtrieifed and 
assembled into contigs vising tbe C^fS sequ ence assemMy progiSaa [18]. The oontlgs 
wexe translated into amino sequenles in th3 ee j&amcs in the ttriettfiation indicated by 
20 tblastn residt Jutatlve desaturas© |e»e flPjCMieas W€« oonstructed manoally based on 
sequence homology and in fiaaie <4r-AG in ron boundaries were identified. 

1 



Deduced miino add seqaeiMses jof all 12 putative dasatuias© seqweaoes of T. 
pseuckmana we aligaed with abow is fimctionally oharaistetised desaturases 
fiom other spefides, nsmg ClustilX version l.S [19]. The aJignment was ihm 
reooaciled and further adjusted. 0|ily nine 
were retained for fiirflier analyses. 



near flill-lengCh Thalassiosira sequences 



A dataset of 250 conBerved resi|lue positions was used for constnwtion of Ihe 



30 phylogetaetio txee. Distance analyfis tised 



the program protdist of die Thj^ 3.5c 



package with a PAM250 5tib5litiitit)n matri: t and a tree was then built from the matrix 
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1 

I 

iismg Stcti (Fite&MargoIiaslL m^dod). Bopteteap analyses carried out wittL 
lOOO T^Ucates using fhe nd[ghbour|okdjQ$ s Igorifbm. 

CnltiYatioii of 71 nseudonaHa 

5 

r pseudonana (CCAP 10S5/12) w|s obtained fiotn tlie Culture Collection of Alg^ie 
and Protozoa ^Dmistaffiiage MarinL Lab-, Oban, PA34 4AD, Scotland, UJL). The 
STQWfli medima used was ennchedfartifioial| seawater niedii3m (EASW), made up in 
20 1 batches as described previously [4]. Thk cultures W^e grown in one litre flasks 
10 at 15X withi 50 nE m'^ s"^ 

• If 

the flasks at 150 rpm. 



Cell density wa$ flaomtoTed by counting| cells tvith a itaemocytometer. Nitrate 
conc^tmtion was det^cmined peri^iodlly ^uring the cultuxe time by measinxng die 
15 cbSD5geofthemedimnabsorbanGe^t220mi [20], 



A extraction. cPNA synthesis Imd RT 



. analrois 



Total RNA was extracted from mzexL cells harvested at different std.ge$ of gnmfh 
20 mth an BN^easy plant mini Idt (C^agen). mrst strand cDNA "fvas synthesised ftom 
tlaee [ig of DNAse treated r|ta usiiig a Pro^tar FSrst-strand RT-PCR kit 
(Snatagoie). PGR was performed |ising inipiluted and five-fold dilutions of cDNAs 
as fbllowed: the reactions were hej^jted to 93 *C Sx S toxn followed by 35 cycles at 95 
•C for 30 s, 50 «C or 65*C (for ISSl^RNA Jd Jprf^iViespectively) for 30 s and 72 "C 
25 for 2 min, then a singje 72 *C for Ip min. a marker for constittriive exsnc^sion^ the 
18S xBNA gene was amjijified fifh Ihs primet TB18S3' (5'-- 
C3GTAACGAaTTGTTA<3-3') Jid (5^GTCGQCATAGTTTATG-3»). 
J^desN oDNA was amplified I using pjdxaecs DES1NDE12 (5*- 
GTGAGAGCACTAACCAAGCTp3') said DESN2 (5'- 

30 CAATCAGTAGGCTTCGTC G-W). AJiquibts of PGR reaction w«e electrophoiesed 
throu^ a \% agarose geL MentltMof liie dlagao^tic firagnaCTt amplified with Tpdeslf 
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specific primers was verified by seq|iencmg 
•Functional cTiaracteriss irioia af ^DlsSI inlveast 



iliencing Ift^ cloning m the pGEM-T E9«yVector 



Bed firom r. pseudonAna cDNA wltU 



not present ia the original sequepace of 
:yLTGGCAGQQAAATC-3' (ORF stop 



The entiite TpdesI coding regiott yas ampf 
prmiers DeslNB 5'- GCGfiSAlSCACCATGC^ 

(ORF start codon is jtodicated by laid typt ; iradfifUned sequence is a Bamm site; 
italic sequence is an added alanin^ codoxx^ 
PtdesI) &nA DesICE 5"-GC GAAi1tCT TA : 

cocten is indicated in bold typej uidexlined sequence ifi a JScoBI site). The Expand 
BH^ Fidelity PGR sysUm CElDehe)Iviras emj loyed to nunitoise potential PC3R ewMra. 
The amplified product was g^l pm|fied, res rioted and cloned into the coiresponding 
sites behind the galaotQSe-inducibli GALl jromoter of pYES2 (fcvitiogra) to yield 
the plasmid pYPESl. This vector! was trai sfiamed into ^^evisiae stiaia Ihvscl 
Ctavitrogesx) by a litthm ace^tJ mctibio^ and transformants were selected on 
mmimal mediwn plates laoldng ur^ lal. 



For functional expression, culttufes 



were grown 



St 25°C an die presence of 2% (w/v) 
20 raffinose and 1% (w/v) Tei^gitol l|n?-4a (SJlgma). Expression of the transgene was 
induced When OD^^nm reached O.io.3 by i Supplementing galactose to 2% (w/v). At 

idded to a final concentration of 50 ^iM. 
days. 



that time, the appropriate fatty acias were 



Xtu&ubation was earned out at 25*C 



for three 



25 ITirngfional cTiaraisterisatlon of tAdE SN fti veaat 



Genomic DNA from Z pseudomihi 
Puregene (Centra SystMns) and 



103 



region 



with 



a cells vjras 
ng "vi^as 
primers 



30 GCGGQMSeACCATG(K:JGACTITCTlCTCCGGC 



jindicated by bold type; underMnea sequence 



1 



extracted U5in^ the HWA isolation kit 
used to amplify the entire TpdesN codiixg 
DesNNB 5*- 
3^ (ORF start codon is 
56 is ^ Bamm sitOi itaJic sequence is an 



s 
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added alamne codoxL, not p^ent iii the ori; 



\l sequence of IpdesN) and DesNCE 
5'-GC6AMI£rCAATCAGTAQ<pCTrC<3T-3' (ORF stop codon is ipdicated in 
bold type; \in4erlmed sequ€toe is ja E^old site). The Expwd High FidsUty PGR 
system (Roche) was employed to|mixumis{& poten.ti$X PCR esiorfi. The ampMed 
5 product vj^ gel p\xtiS&d^ xestiic^l with jlcoM and BamHl and cloned into ilic 
ooii'espoadiiig sites bdhhid the galaotsofielnducible QALl promoter of pYSSZ 
(tavitrogto) to yield the plasmid pyDESN. jlhe fidelity of the cloned PCR product 
was dificked by sequencing. The fvector % YDESN was thm tranSjEbmied inix) iS'. 
&srevisiae stim Invsol Qnvitrog^^) by a li1|hium acetate mtiQxod^ a»d transfcaxnaiifte 
1 0 weit^ detected on ndnimal medium jjlates lac; dug UfdciL 



For flje feeding ^mm&tA with FliFAs, cnjtur&s were grown at 22°C in the presence 
of 2% (w/v) raffinose and 1% (^/v) Tetjjitol KP.40 (Sigma). Btpression of the 
~^^sgane was^uxduced^whea OP«)iLm-£eaohed-0^ galactose to 



2% (w/v). At that time, 1SX& s^pprppi^ate fatiy acids Were added to a final wncenttadon 
of 50 pM. Iiu?VibaiJon was caTiie4 out at i22^C &xt three days and then IS^C &fx 
another "Qhtee days. For Ihe feed as pent with saturated fkCty adds, a i^in^ 
l^^cl coloiqr tra^fonned ^tJx pW (ejapty pla««id, controQ or pYJ^ESN ^ 
inoculated in 10 ml of minimal ijbedia minus uracil oontajmng 2% rafSnOse and 
^own overnight at ao*^ with 5hal«|ng (300 ipm). After 16-24 h, cells were collected 
by spinning at 4500 rpm for 10 mp. After pscaxding the supexnatant^ the cell pellet 
was resuspended ilx the same medium mentioned above supplemented with 2% 
gialactose and 1% tergitol, to obtsixj a cell dinsiiy of SxlO*^ ceHs/ml. Fifteen ml of this 
cell suspicion w^e added to a- ml-fllsk with or without addition of saturated 
fatty acids (as mentioned in the Wt) at 
induction was then carried out at with 



Fatty acid analysis 



30 Microalgae or yeast cells were 
extic^cted and transmethylated a^ 



harvested 



prevjLOi 



00 /zM fnal c^l^ncenlratton. D^isati^rase 
shaidng (300 zpm) for tlixee days. 



jy ceintdftigation. Total fetty acids were 
Ly described [4]. Most FAMEs were 



16 
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identified by comparison of T?*^ti|j; 
FAMEs were also identified by coiaparison 
(Supelco) tianBrnethylated as per thd samples 



25 



III times 
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to a 37 FAME mix (Si^loo). PUFA 
to a sample of stendard Menhaden oil 



30 



DimeOiyl disulpMde CDMDS) ad<^i*ots T-veiL used to detenniae the doiible bond 
position in identified and ijmdmti^ed mon<|nnsatarated FAMEs. These were made 
by-addmg-together 50 ^1 Dtd^S (jldrich), Uo-XOOO ng FAMEs dissolved vX 50 jil 
hexane, and 5 jil 50 mgmr^ iodine fn dieUxyi ether. This sohMomvas heated at 40*C 
for 15 h and partitioned wifli p> Ijexane and 100 |il 5% (w/v) sodium 
thiosuftibate. The hfiKaas phase was remov k dried nrafcr vaoijum, leoonstitutad in 
50 Hi fresh hexane and used fbr Gcj-MS ansjlysis. A Ttace <3C 2000 (ThermoQuest) 
fitted vith a 50 m X 0.25 mm x 0.S urn fiJifi tMckness ZB-l colunm (Phenomenex) 
vraB iwed to ohromatograph 2 pi ijMDS acquets injected at 250°C and a 50:1 split 
- ratio ^thjae-as-carrier sas at 0,6 ni min ^ 4 constant flow mode. The oven program 
was llO-C for i^^n then to 340«C^ 5°C n in'*. Mass $pe«stra were obtained using a 
GCQ (ThemwQuest) mass spectn^metra: p berating in fall scan OWde awx 50-500 
m/z. Pioolinyl esters wens also Hia4e from i|aMB8 to coacfijm their identities. These 
we obtained by addiiifi 15 jil fresfily prepJred 2:1 (v/v) 3-(hydttn{ymeth3d)i>yridi>» 
(Aldiioh): potassium tert batoxide jl M ScJjtLon in tetrahydto&ran (AIdii<ih) to 50 |il 
20 FAMES dissolved in dichloiomstl4»e. TU^ solWion was heated at 40''C fiw 30 min 
and partitioned with 200 fil heJane andl 100 pi 2.5% (W/v) sodium hydrogen 
carbonate. Ibe bexane phase was temovBdj dried Wder vacuum and reconstituted- in 
50 nl fresh bexane. PlcoUnyl ester^ were iiected and separated by GC-MS using the 
same conditions as for &MDS 4^^^'^ SperUng P.. Zahringer U. and Hdnz R 
il99S) A spbiiigolipid desaturase jfrom higher plants. J. BioL Cajem. 273, 28590- 
28596; Sperling F., Libisch B., ^abringA U., Napier I.A. and Heioz E. (2001) 
Functional identification of a D8|sphingojipid desaturaae from Borage officinalis, 
Ajccb. Biocbem. Biophys. 3SS,| 293-2^|8; WMtpey HM.. Midiaslson, L.V., 
Sayanova, O.. Pickett J.A andNa^i^^, 1^.(2003) Functional characteri«atioaof two 
two cytochrome bS-fiision de$atjnases fr^om Anemone lev&ilM: The imsxpected 



! 



1 
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identificatioti of a fatty acid Afi-des^urase. |lanta 217, 983-992; each of ivldcli are 
incorporated by reference. j 

EXAMPLE 1 ; 
5 Ide^atificatioA and phylogeuetic ajialysi^ < f putative T. pseudov^mia. desaturase 
sequences with otber functioasdlly jc^haracterised desatori^ses 

TblastEL seacclLes i?dtb 13 fbnctionsUy cbar|cteais6d desaturases revealed ATH noa- 
redundant seqiieaices 'mtfai B vdjues less iMa O.OOl. Twelve xmiqus contigs were 
assembled aft^ t«tneviiig these ^equeoci^ and getxe models were constructed 
toaauaUy based on segamce b.or4<3logy. These 12 geae coixligs ^jvi^ie ariutranly 
designated Tpd^A to Tpd^h^ All 1l]2 dhowejjl significant sequ«aic6 similarity to questy 
sequences mth. 9 contajning near length opeaieadiiis £fam£s compared to odmr 
knoTOi desatucases (Fig. lA). Bxtez^stmsly^^ ihe predi&t^ artdno acid sequence of all 
tiiixe r. p^sucTonarta d^saturases hive a clikractexistlc ^Si^s^is^€6mm^ b5 hwrnr 
binding domain (HP[G/A]G> at th^ lir N-t^imis and ttaee histidiao boites CH[X13- 
4it H[X]2--3HH AND Q[X]2-.3Hi[) iwith 
glutamine in iibie llnrd histidine bo^cj in all 
and TpDESB). These: stre cosnmoxj chari 
acyl group des^tutaaea [21]. Thea ^ Mstii 

activity, mo?t likely because tbey ^rve to fcoordinate fiie diiron-oxo compoaient of 

QBSD, I^DESL aiid TpDESH) afkpear 
snd of desatoxasesy but nev^ettheless &.ey 



xeplacecnmt of tiie fiist histidine by 
tv«ro of tibs predicted protons (TpDESA 
of a large srubgroup of fronts-end 
,e<box motifs are critical for desatorase 



the aotiive site. Thre^ rsmaining $eq uences 
to be partial, coverins otdy the C-t€3aninal 



do cdntain a typical third histidLQe box 
desaturaa^ (Fig. lA). 



of die above mentioned subgroup of 



In order to gain ind^ into liic r ^lationsblps of tbese H pseudoncma seciucaioes to 
other fimctionally cbaractedsed desatuiask su^d especially algal desatur^s^^ we 
constiEhicted an unrooted pbyloge?! ;etic tred using a Htch-MargoHash moQiod witb 
statistical confidence nu^aisi^ed byjbootstra ) analysis (Fig^ IB). Relatioxuships of four 
putative 2T pseudonana desatuia^s ate ii well supported (>'70% bootstrap value) 
subgroups Willi at l€;ast one fimctifnalj^ cli ^d.c^€dsed desaturase fiom oth^r species. 



15 
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Both TpPESM and TpDESO grouped wllh p£»tDEL5, a AS^esatuiase ftoro anoflier 
diatom, P- tricormttum [5], sw|tins enzynwa may also have a A5- 

desaturase activity. Siimlarly TpDE^K is giauped wfli two A4-de8atiixases TFAD4 
and E&DEL4 from TkraustochyMum sp\ ATCC2168S [22] and K gmcais 
respecttvely. TpDESI grouped wid P<DEL(|, a A6-desatiirase fiom P. tricomutmn. 
Has indicates that TpDESK and tIdESI mLy hffve A4 and A6-desatarase acti^^ties 
. respectively. However, M Kizymea jwith^^ ^ 
a weU si^orted subgroup (EgDiLS, Cei>EL5 and CeDEL6; A8. A5 and A6- 
desaturase respectivdy) and regios^lectivitjj may derive independently affc^ a 
mate recent dupliealion (CeDELS 4id CeDJ^ [23] pxedictions based cox liomology 
can be misleading and it is esscntx^lto 



Hie remaining five T. pseudonana sequ^es fall into three separate subgroups 
CrpDESE;'I>PESA and TpDESB;]*ItDES< \ and T^ESN) wbich do not gcoiq) wifli 

vdt| Mgh coofid^oe. Xt is theErefere possible 
giDseleclpl'Viity. The cmrent study fbcusssd oa tbe 
lESN. 



desabdases 



any otber known fnnctiaaal 
that these piotdns exhibit nov^ 
charactensation of one 



s of these pro: »iA8: 



KXAMPLEZ 
Temporal axDressioa of TnDESIS 



gco'wdi in order to establish if awi "ivhen this 




illy characterise ea<;b enizyme. 



gene 



R.T-PC3R analysis of TpdesN tranlcript wis conducted at different stages of algal 



geae is expressed. A£teK RNA extraction 



and oDNA synthesis, T^desN :Bpecific j PCR products were amplified. PCR- 
amplification of the 18S rDNA was Performed as a control for the quantity of 
cDNA used during PCR reactioiis.| Figure i shows that the diagnostic 519 hp cDNA 
amplifioatiLon product expectfed l|>r Ipd^N was present at similar levd at the 
diffensot stages of oultivationj of thcj mlcroalga cells. Thus, TpdesN is 
tianscrqjlionaUy active at a oiinstituti^t level dudng Thalassiostra growth, 
suggestrng that it suay encode a dedaturase t njfli a Jxousekee^ping fimction. 

1 I 



1^ 
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Tbe iHJtetive d^^^i^^ sequencel amxotal^ TpdesN was contained oft a geaomic 
_DNA-c«»%-Of.2580 tp oil wludi|io in1xo|s was detected- To estabHshtiiefbnotiQn 
Of fte protda encoded by this g^c. liie W-lejigth sequeaoe was amplffled ftom 
genomic DNA. An atenme codi contaiing a G as the fost letter was added 
inmiediately do*«at«aiH of the 4^ codoi of jpdesNto ensure optimal trausfetioft 
ift yeaflt [24]. The S^dtesiV ORF fs 1434 tp lon& aad eiicodes a 477 amino acid 
proteia TpDESN CKg. IQ. ^ ^^^^ -'^^^^ °f 53.8 KDa, A^^ysis of the 

seeondaiy 6tx«ctare of 1 usiag SOSUI softw^e 

i?ittp^^W.mteme=yo,toat.aojj>/805td [25] pnsdicted four 



15 ixatjam^nW i^gians (not ^cNx). AA^pment of I^DlESN wilji fimotioHaUy 
ciiaractsrised desawa^e seqaaioe| mentioU above indicated au overall identity of 
25%, wia the cytochrome W-lflje domaih and the three conserved MstidiDfe-iiJ* 
motif areas Eiboiwing greatest homxjlogy. 

20 The primaiy sequfiOM of T^ESlI exMbitJd typical features of ftont-end desatarases 
involved in PUPA syndieste. la Ader to <Waoterise the specificity of dis p«rtdn. 
PUFAs (18:2A9,12; 2qi2All,l4 20:31,11,14; 22:4A5,S,11,14: 18:3A9,12,15; 
20:3^1.14,17; 20:4A841.14.17i 22:5A7io, 13,16,19) where first fed to Ihe host 
yeast trmsfonned wiih pYDEsi and the vector alone (pYES2) as a *Wttol 
25 Unexpectedly, after six days of i^cubadJ, TpDESN di4 ^ deaatoate aqr of the 
supplemented PUFA substitute. fFtirtheaW tiiere did not appear to be any 
ptoductiott of 18:2A9,12 ftom en|ios6nou| 18:1A9. Ifo^wever, a significant increase 
was observed for a peak elutingjin the ijange of sixteen carbon moncnwsatorated 
FAMBs in the yeast trmsfbnned fsrifh pYOESN (Hg. 3). The position of fte double 
30 bond in this product was determined bv GC-MS analysis of FAMEs derived to 
DMDS adducts [26] and picoliiiyl esteri. The DMDS addnct of 16lJA9 FAME 



yielded two major firagmenta at ^ 145 



^d 217 (Fig. 4A)- Fta^maitation of the 



17 
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incfeased FAME peak found m Imfed Pi\ fed yeast transfoimed with pYDESN 
piodiaced lwo diagnostic ftagmend at 1 L7 aiwi 245 (Fig. 4B). This fiagmmtation 
pattsnn v?a$ indicative of an All liiojiounsfjtuTated sixteen carbOiti FAME, 16:1 All, 
suggesting that TpDESN encoded L. n&w Aj Inflesatufase. Small amounts of this FA 
5 have also been measured in ThaihssiosirA cells (Table 1). To further substantiate 
thes6 jesulls, yeast transfoinied wifipYDEISN and the control empty Y©otor» pYES2, 
_ wa»-. cultivated in mediutn supileanientetj with sattifated FA (14:0; 16:0; l6:0) 
representing potential siibstarates ^ sjhthesis of the mmiounsaturated product 
Yeast fatty acid profiles were anal3|sed after Uuree days of incubation at 20*C. Results 
10 ia TaMe 2 showed that a small an3n|unt of 1 ip: 1 Al I (OJ23% of total FAs) was detected 
in yeast naofifonned with. pYESlJsuggestilig endogenous synttiesis of Has FA firom 
16:0. Tins FA aoonmulated at a Mgheof levsjl in bolh, types of transfoimed yeast after 
feeding wiUl 14:0, wjtfii values up|to 5.84* [i in pYDESN trans&xinBnts. A possible 
eaqf>lanati«n for this increa so in t hfejpY ES2 i canefoimaata is th at the e ndogenous yeast 
15 A9-desahttase was able to use | additioi al 14:0 to prodxide 14:lA9 iSaaX. was 
subsequently elongated to 16:lAl|l. More* wer, it has be«x xepoated tfeat wild type i 
yeast cclfa cultivated in media 6t^le(tne!0l|d. wilh 14:1A& synthesised l&l All by 
Elolp-de^eodeot oarboxy teaminal dongat|oii [27]. Aflex lS:0 supptemnitaiion. Hob 
pecoeotage of 15:1A11, of abofixt k% total FAs, was similar to that observed aftcr 
20 feeding wiQi 16:0. Bcesence of e|tra 1-S:d could lead to an mhtbition of the 16:0 
chain elon^im systeoi. wMch jiigfit aOxm mote l&O to be avaikble fbf All- 
desatoiatioiL On the olher handj 18:1AM represents 1.2% of the total FAs in 
transgenic yeast No variation in fits pjoportitin was numilnred under the dif^snt 
conditions of incubklion, even 5 after siWte^ with 18:0 in pYDESN 



30 



transformants. This suggests tot tiis FA - 
than Al l-desaturatLOXL of 1 8 :0. 



igijoates from elojigatHon of 16:IA9 rather 



EXAMPLE 4 

Fnncttonal characterisatioD of TpDESt jbb yeast 

To estabHsiL the function of TjjIDjjESt the 
yeast lavscl uxxder the control 



fulMeaigfti cDNA was esjtptessed in Uie 
of an inducible galajotose promoter. Potenlial 



\mm I 



% 
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su-bstratos of ftont-cad d^^satm^ (18|2A9A2; 18:3A9.12,15; ^0:3A8,11,14; 
26:4A8,11,14.17; 22:4A7,lO,13,l6;p:5A7Jo,13,16,l9) wsre tested. Figure 12A and 
12B shflw Itoat after si^lemeatatiU of tti^ meditiW with 1S:2A'-" and 1S:3A''«'^^ 
lespeclively. and aiter fliree dajte cljf incaba|too, yeast cells containing pYDESI had 
5 extra j&±<y acids. Extra peaka obaived when odls were fed with 18aA9,12 lifld a 
xefcenti«iit5meide^«?altol6:2A64 lS:2A6il2aad O^igUie 12A). Exto 

peaks obsexved when cells w«c f4 ^ 14.349,12,15 had a retmtiim time idmtical 
to 16:2A6,9. IS-^A6.12 ^d 18:4Ad9,12,15 |(Fisttre X2B). These tesdtts. demoaxslrate 
that TpdesI encodes a Afi-desafurase v[Mch can tatroduce double bond in 
10 exogenoixsly fed 1&:2A9,12 and li:3A9.12|l5 fatty acids, but also m endogenous 
ie:lA9 and 1S:1A9 fatty acidS.; Percentages of conveision of liiese different 
substrates are given in Table 3< 

15 Fatty add piofiliag of jnarine miw >algac hi d shown that T. pseudonana tepyesents a 
good candidate to discover. geces ^svoivedfen fee piodnction and storage of FUFAs 
[4], Analysis of fl» tecently conMp: eted draft gemom© of fliis nliorodgia revealed the 
preseoce of many oandidate geajtss fer eloogase and dsSatorase aothdliBS most 
probably involved in catalysing di^ent stebs of the RJFAbiosyn^etiff process. We 

20 W identified 12 possible d^at»4«e gm4 9 of wWdj ttesre is snfficiMt sequence 
infonnation to demottStmtAfhat tl^ exbibiJ typical fbatuies of fionteiid desaturases. 

a cytochrome M domain in ihc|N-temnU and flnce hialidine ohistets located at 
highly conserved regions. Pl>.ylogej|eac anal ^la revealed that several of fte genes ore 
closely related to a rannb^ ofjprevioJdy characterised ftont-end desaturases 

25 involved in PUFA synltoejis. TsJyeve^, nL current waxk Wghli^ the fact that 
desatuiase fiinction, in terms of rc^ioselecti nty, cannot solely be based on predioiMW 

firom piimaiy aradao acid sequence jiomolog 'y. 

i 

The fatty acid ptojaie of T. pseuioTiana cLus is quite diverse (Table 1), wifli the 
30 health beneS6ial EPA (20:5A5'|8,lia4i7) and DHA (22:6A4,7,10,13.16,19) 
accounting for a large propciticfl- l^oweverW number of desatiarase gene sequences 
fourad in the genome -ms Hghet flipa we ejected based on the number of different 

19 
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25 
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desatHrafion reacUonS required to p] x>duc6 ft © diversity of FA in this lOicioal^ This 
suggested that non-obvious des: cturation rcactiomiS mi^t also occur in the 
Thalassiossira cells. As a first st^ to e$t Mdiing fijnolion of the many putative 
desatoiass sequeixces, we focused|on the tpdesN conHg due to flie feet that the 

5 seiliieace was fuU-length and intrdlnless. A tempOTal expression study showed that 
IpdesN was constitutively transcjabed durtng algal cultivation. Expression of the 
TpdesN ORP in yeast supplemiated wiih PUFAs as potential subslrates for 
desatuxation revealed no new piodlots. Thire was also no evidence of activity vrrth 
the endogenous lg:lA9 whioh excludes tlie| possibility that TpDESN acts as a 6X2- 

10 desatuxase. However, an increase iii ttue pea p area of a FAME eltitmg in the range of 
the sixteen carbon FAMEs was identified aiid GC-MS based analysis levealed this to 
be 16:1A11 fatty aoid Small amouLts of th s FA are also present in wild type yi^st 
However, quantitadve oompansonl of FA Revels in the empty vector pYES2 and 
pYDil^M, transfoEOMnts showed ijflxapt proportions of 16:1A11 increased in tie 



IS piesenoe of litdes^ in bol3i unfed 4eQs and 



^lls that had been fed different saturated 



FA No Other chanses in ather pek; acea ^ xnnn pealcs were detected in pYDESN 



tEans&nnsats, iii&'!»ifta*ftt?g lltat l^DESN is sDecifically involved in coaxveision of 16:0 
to 1£:1A1I. I 



The piesence of small amoimts off 16:1A11 
mitsroaljgae, incli3j4utis T. pseudoi 
lia£ not beisn established. The 



jsu^ests that it may act as an inlenoaediai e ia an as yet utndentLfied. biosyn&etic 
pathway, to insect cells, lfepresen'|s an important precjKSOt for pheromone 

synthesis, where it is piodnced b]r an aciyl-CoA Al l-desaturase. Interestrnj^y, the 
insect All-desatuiases do not possess a cijtochrome b5 domain in their N-tenmnal 

il 

region- This represents a major pxiro-ary ©tm pture difierenca cotnpared with TpDESN. 
Th« cytochrome bS domain is no|t a detexpinant of the substrate specificity [28]. 

Alignment of the desaturase domain of lt>DESN wilh the full sequence of inject 

3 1 

All-dcsatuxases showed an identify Of lO^jo (data not sho-vro)- In insect cells. All- 

t 



have previously been reported la many 
\a. Howpver, a fimcfion for this FA in algal cells 
qnaidii^ observed ixx tiftany nuarfjaie mictoalgae 
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desalacases ^X^oc less specie d^^ng w ihe arigin of the sec^u^ce and 
well-docuinmtedievieWB exist on sutge^t [14,15]. 

In owwtosion therefore, althou^ 13 le TpcdsN l«Jiniffy sequence is very siinilar to 
5 fiaat-end desataxases, it should At c|nsid«ed a mej«bei: of this femily of 
desainrases because it a«te only 16:0. kdeottficalion of such a novel enzyme 
^^anas-tfe- feflctioMl repertoire tjffhe meUran^boUnd d^atataMS and it should 
provide uge&l copgjarative infonn^Oft l^w jinderBtanding phylogenetio tetetionships 
betwem these enzymss. Oae qtiesdon that Uiains to be ajwwBted regards wh»fli«r 
10 cytochrome W -v,^ jjidepeod«ntly 4»ed to ^Latoaaesliiat had dieady acquired Aor 
differemt specificities, or ^rtieliwar an ancistral fiiBion piotan for proxinwl lipid 
modification di^-licated and subseiimtly eloW into diffecent deaaluiases. Studies 
of the primary structuie of the d^fesreat fJFA desatuiases sapp^ the fo* &at 

^izyme-convsrsion. (i.fe. change od specificity) cto be achierired fhrou^ a relatively 

15 few structural changes [29]- tJ high digree of homology between I3te many 
potential W-end desaturaaea idejitified m tite senome of T. /w*airfo«ano 8iq»part 
this notion. Given the FA profUe 4f T. ps^nana cells and flie compleidty of 
desatureac geac family it is likelyfthat different genes encode M. A5 and A6 
desaturas^s- tt will now be veijr intereJdng to functionally chatactedae flisse 
20 remainii^ putative desaturase jgenes and stady the relationship between 
re^cselectivity, primary amino afad scqiencc and phylogpnetic x^OJWMp. A 
crystal stmcture for these aizymes stiU 4 ^'^^^^^^ ^ technical difficulties in 
obtaining suiBBcie^t quantities o^ purifiek membrane-bound protein. Molecular 
geaetic approaches involving sitfe^Uected [mutagenesis have provided new insight 
25 into stroctoxe-fimctioii relationships, incluW for example that residues in close 
projdmily to the Mstidine mofife h|ve been found to be involved in shifting the ra-tio 
of desatuiation/hjrdioxylation aotijvities [4]. Detailed eoBxpatative analyses and 
computer modeling of tiiese divefee desaiLases ftom T. psmdonana may fiiitixw 
guide sitc-diiected ictmtagenesis sijidies aiiked at defining key residues controrling 
30 substrate ^ecifiejty atkd regiosdecivity of ike introduced double bond. 

1 I 
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Claims 



1. A trattsgenio cell comprisiiig a nucleic ax^id molecule which comprises a 
nucleic acid sBquence which au^leio aci 1 molecule consists of the setjueftces 

5 lepresented mFigiXces 5a, 5b, 6a, i\c, 7a, sL 8b, 9a, 10a, 11a, Ub, lid, ornucleic 
aoid molecules which hybridise ti? these LeqiijejDLces, wherein said nucleic acid 
molecules encode a polypeptide whi ch has desaturase activity, 

2. A cell aocoiding to Clairji 1 T^rhlrein said hybridisation coadiliona are 
10 stringmt hybridisation conditioiis. 



3. AcenacoorfittgtoClaiinl 
conxprist^ the nucleic acid sequenc^e 
8b, 9a,.10a. 11a, lib, lid. 



or 2 whqt^inL said nucleic acid molecule 
as replesented in Fignrra Sa, 5b, 6^ 6o 7a» Sa^ 



15 



4. A cell according to Claim 3 Bwhereiix 
tjh^ Dudeic acid sequence as repxes) 
11a, lib, lid. 



20 



5. A cell aoC^ordxng to any of [Claims 
desaturase eiiucoded by said nucleic | Eicid molj^o'ule. 



said nucleic acid molecute consists of 
legated in Figures 5a, 5b, 6a, 6o, 7a, 8a, 8b, 9a, 10a, 



1 



-4 wherein said ceQ ovear-eoqpfesses said 



25 



encode^ 



6. A cell according to any of Cjjlsiins 1- 
trausfected with a nucldc acid Jiolecule 
repres&nted by Figure lOa and whiph 
polyp^tide has Al 1-desaturase acpvity, or 
to the nucleic acid molecule in Ipgure 10 
desaturase activity. 



Whesroija said ttaosj^nic cell is 
comprising a nucleio acid sequence as 
a desaturase polypeptide wherein said 
a nucleic acid molwule ivMoh hybridises 
a and encodes a polypeptide with All- 



30 
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\ . 

7. A ceU aoooxding to any of clainjs li whereia said ti^genio odX is 
ttansfected with a lyrv^Uic acid ^liscde Lmprisins a ^^''^ ^ 

Mpiesented by Bigate 8a mi whil eacodA a desatcrase polypeptide wlierdn said 
polypepliite has Ae-desaturaw actijiiy. or a nucMc acid molecule -which hybridises 
to fee md^o acid molecule in ^igUxe g| and encodes a polyp*«rtidft vnth A6- 
desatmasQ activity. 



8. A cell according to any «f daimi 



eiukaiyotic celL 



10 



9. A cell according to any of c|aiiiis 1- 



1-7 whecdn said transgadc cell is a 



whsr^ said. ceiU is a jMokaiyotio oeJL 



10. A cen accoiding to Claini 8 ^tasrfsn Lid eukaxyolic ceU is apiawt ceU. 



15 U. 



A plant comprisiiog a cell acdoiding to Claini 8. 



12. A se«d comprising a 



ceU aciofdtng to Claim d. 



20 



25 



which enooda a polyp^ide whicbl 
co-^Btora ^(^616111 said vessel is 
substrates. 



1 or 12 wherein said plant or seed is an 



13. A plant or seeid accotding Claim 
oil seed plant. , 

I 

14, A reaction vessel comprisiL at IfeaLt one polypeptide encoded by a nucleic 
acid molecule wherdn said mcl^ ^iA mc^ecule comprises a nuoMo acid sequence 
co(nsisting of the seqwajces as rej^tesented jin Figures 5a, 5b, 6a, 6c Ja, 8a, 8b, 9a, 
10a, lla, lib, lid. ormioleic aoidinoleculeis which h^tridise to these sequences, and 

has deslturasB activity; fatty acid substrates and 
aflaptedjfor the desatucatiou of said fatJy acids 



30 



15, A vessel according to 
cell accor£ng to the iuveDtion. 



ClaiL 14 wJerein said polypeptide is expressed by a 



25 
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16. A vessel according to Claim |15 wherfeia said cell is a yeafit cell 

17. A vessel according to Claim 15 wbeanan said tell is a prokaiyotic celL 



18. A method to desaturate a ferfy acid substrate comprising the Steps of: 

acf^ording to any of Claims 14-17; and 
m said traction vessel under conditions 
; oxJio &tty acid substrate. 



10 



i) - providing a reaction yessel 

ii) gro^wtajg said cells cc|itained i 
whioli. ^ow the de5atiiraiio4 of at 



15 

I 
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ABSTRACT 

We describe transgenic cesUs transformed Qi niK^ldc acid xnoleoixles WMch rnood^ 
evzymes wilb (Jesaturase activityl and use of these cells and ensues in 



10 



ii 
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Table 1 I-. 
Composition, of the ini^ai:^.tty ^ids i&L T. ps&Mcmcma 



Tatty axAd 



14:0 . • 
16:0 
16:1A9 
• 16:1A11 
16:2A9,12 
163A6,9,12 
18:0 
18:1A7 
1S:1A$ 
' • lB:iAll 
18:2A9,12 
18:3A6^,12 

18:4A6,9,12,I5 

20:0 
20:3A8A144 
20:4 A5,S,1 1,14 
20:5^5,8,11,14,17 
22:6A4,7>10,i3,l6,19 
. 24:0 



NO. 838 * P. 31 



Mol % of total fatly acids 



11.50 

17,95 

19.81 

0.19 

2.47 

6.«5 

0.47 

0.26 

1.50 

1.52 

2.37 

0.98 

0.32 

5.72 

0.44 

0.26 

2.46 

17.51 

6,64 

0.49 



Microalgal cells wexe harvested duilag the eifcponeatial phase of growth as described 
k section" 2. Fatty acid -were eactrslted aad coaiverted to thdr methyl esters before 
analysis by <3C. Each peak was idejpfified by the retention time compared to knowa 
•standards. Each value r^eseaits tie avecai^e of triplicate omeasyrements unliuxi a 
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• addition of eKogenons satcra ted feMy agldg" I T j _ 



- substrate 



MdI "/c 
■14:0 







pXDEaJM 




14:0 


0.78 


0.52 


1.12 1 




0JS2 


. 0.13 




16:0 


18.40 


15.04 


18.37 ij 


16:1&9 


39.73 


35.55 


43.39 j. 


16:IM1 


0.23 


3.27 


2.3^ 1 


18:0 


7.37 


7.34 


6.61 • 




30.19 


34.32 


24.44 


18:1A11 


■ 1.20 


1.21 . 


1.35 j 


26:0 


1.89 


2.6a 


., Lis; 



of total fatly Miids 
+16:0 



+ 18:0 



0.76 

0,23 
•23.85 

42.24 
0.22 
6.36 

23.89 
1.19 
1.26 



0.58 
0.14 
22.09 
37.03 
..5.57 
€.60 
25,19 
1.12 
1.70 



0.76 
0.23 
17.22 
36.24 
0.25 
16.72 
26.07 
1.08 
1.43 



OJO 
0.20 
15.09 
31.67 
5.84 
17.47 
26.58 
0.96 
1.50 



4 B 
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TAB1S3 



sabstate 



- 16:1A9 



.U:1A9 



•18t3A9.12.1S 



% codveisioB. 



1 



6. 



2S 



27 



lg:2A$,l2==18:2flr6 1« 



9 I,SiZA.6^ = 18:2a-9 

15 « i8:3a-3 118:4A€A12,15- lS:4n.3 



• Both &lE^ are Diatoms. T^)DESI A6-dlsa±iira5& sfeqves^Dfcs are 70% identical at tbs. amino add ^ 
IcveL Data fox ths P?i^£fac(3^?iim ensymft Lye l^acn talan from thA foUowSng paper (Table 1): 

CloniTig and fimctional ctoaotrasafion of paeoda4^to1ricoxim^ ftont-^d depatimides involved 
m eicosapBiife3*n.ofc acid bioayofltesis- 
Eur. J, BiodhtaL 269 (Ifi), 4105-4113 (20d2) 
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TGCAAritfjUi UiiA **-nrt.wrw*wja«»r7MT.^>i' * ^^^p.. — — 

GaLGCAGTATCTCGOGGCAQMATGTGGTTtGiGTTTk^ 

GaTATCGCTTCTCGaGAi^TGGCTCCC?VA^C<SA^^ - 

AAGGACTTCATTGACTTATATG2^GMTT|jrGTMGT|^ 

ACATG<K:TACTCTGGAACACAGCGGTACTfeAiTAOTkTC&TC^ 

CACCAAAGTGGATTCCTCaJlTGCACGATGcibGi^ . 
CTOAATGACATTTXGGGTTGGiTGTATGGfaA^TGrcfc^^ 

TOGTTOCTCACAGATTCQATTTTATTGATSPCM 

CaGAACA2LGAAGTTGACTCCSTTCTTCGG'5Ci54Gd.AQ|^^ 

CASC^CAtCTOTOTTCCTTCCGATCATCTTScATCGTTC^ 

XClTACl^CTOACTGAGjySG3^GTTCCGTCC1CT<kAGTAAGTO 

A^GA&CTGCTdATTTGAdTTTCATACXAkcd^AACT'^ 

AGCAATACTTGGO?AATGTTTGTCM!A.TCCpye?TAC^ 

TOQTGGTATCCCCOTt^T^C^TCATOTi^CTbT^'^TT^^^ 

GCTTGCGA^VTCa^CTAGGTCAAGCCTTGGAkTA^ 

CTGCG^TTGQCaGATACTAAGCACTGAAGkc'rTTGCk 

GTACGGAGGTCTCRACTTTCACTATTCCC|^T(^^^ 

CCGTTTATTGAGATTSC&T3X3^TTQftTTS|tGtF 
GTGAGGA?UlGAC'tTCGCTA<;2CSASAGGCCAb 

TA^y^TGTCGAGACGATATAGAGGTTGATAp • 
TATCATGTAGGAAGGGCAGCTTC^TGGJA'rlcAOT 
AMTCG^TOTAOTC^C'I'SdAC^TCTACAT^G'^^ 
TAATGCGTCGAACGAAACMTCTDGTCGTATicCC^^ 
ATGTTGCTGTTGTTGCSSCT©CTSCXH3AACc4cCTcb^ 
GTGGGACACTTOATAaacarCTl'eACAG^STTT^ 
CCCTTATATOdTACTAATQGBj::cp3TGTc|3A'i^^ 
OACCGAT2W5GTGGCGAAAGGeGGWG7U?^i^ 
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1 ' 



-I 



Fall iBiiSftTtli cPHa. sequences' 



ftM^nlne) ccdon add by lis tio iwprcive 




GCGT^aeTGT^^^SGMTQC^^TCa^t^C3^GTGBAI3ATi|=^^ . 

eCTTCTCCRiiAEWATGCTXCCCJMyGCGAAC 

MTfCSTCCTATCCCOSTOTAC^TC^TCGCCT 

CTGa?ACX3GAJMTCTCaAt:TTTCACTA"2^CCCA^C^ 
TACTTTCT^LCAraRCSATCACCmCQnATTC©^ 
ATTGAlCiATTOCGTTlXVtffeATTCCGTTGTraG^ 
AAAlSiMSff(?€C9PM93kU^ 



Mid s^egiienae dednced 



l!»llAWAIiX>W AIiQIiOTXaVfiC ALVLGVHEIFS 
STCAYStEKAR KDSIiVIiUDSNf tmfVEKFViiH 
MWryFtfcsVRAA tt^'iBBI^EALTS RRQBVCLDMK 
FI^^itTCE^nfA acjyr^KPSTXH IjTjHMTAVXiIS 
SGFIjMHDABH HmiAiSNESiaJ Me>6«1TOTV 

DPQ»REDV?iix QHKSXiTPE-re u&izji^zyxsi? 

OTHiSMVCHI XUnrAXtSQT JSRPJSTnfllQ 
DPACSKHPRW IiYgfe Mf^g 
XlSXWfEICW fiKtVQTFHBVR KDFATiCTD^ 




rem cDli 



iXALSWsnzc 

SliVjbAlitjSIiQ 

II u 



-jCsanisFys" 

lllUSNHXVKPW 



SDQKAAVTCSS 
QFDIiKSPHKD 

XTHLHDATECSEr 



1 0:1 QQIST^: :OfeigpiiM^^^ j-ggSl 



t 
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1 > 




.CAGGTGTTCGGGA 



F«QQPAFVGH 
IQSAIiPIMK. 



Gi^CCACTCTGCAGCATTCCfiGCGCaGA|L^GACC^^ 
AGCACfiACAC^XrCGACCCGAGCqQAaAAAfeca^^ 
CCC3ASecGATACA©CCC5^CIV.^5<5CAAAGGCj:OTCTG^^ 
CGGCAACATCAAATCATGGCACCCTCCATpUtAGACA 
CTTCGTCTCGCCCGa^TCCACC5AiGTCaC&C^CCAC|^^ 
CCCGCCGCAPACCCCTOi^CGATAC'rCCfcCCTG^ 
AMACTCCC3«:CGATGGMGGCTCATTTACA2^^ 
TTCCAAA^TGGATATOKIIM 

TTGCCGGTATGG2VKCTACc6A3S3AATTdfGGG^^ 
GTTTTGSAGSACSASWOTTMCTCaiTTTTGTiSA^ 

TACTl?a?CACG^d2W3TCCAT<toTATTACGTbccSTAAa^TdGC^^ 

CACK:ACACATGGTCGCGGCG<5TAGTCCTCGGTATATfi:CTQGC2\ACAATTT 
eCMTCGTCSGACATOACTOTGGTGAGAT^TGGGG^ 

GGtoCTCG(CTAlSCGTOOt<»AAGGCyjlW^ 
CCWiATAlSTGTTO 

GTTGCATiSAPGACATCTTTACGTCGTTGTp^^ 
. TGA3rGGAGTTTGATTGGCaXK3CGCGTA?^0?^'ECWTG|ra 

ATClV^ATTGTTTTT<3GCGTCG3^G3^CG|i.T6GGCAt 
GATCtoCTAGATTGGATTTOCTGGCX3XTCAATCGTG|rT^T'rP^^ 
AGCGGTGCTGGTGTCATGCA^CGCtSASCT^GGCG^CGTATCQCATTCG, 
XCTTGQTGRGAGATGGTGTACGTCKSGTTACTG 
GGCTTCTCTTGGACAATCTTGATGCCACA^GHt3<52^CCeG^ 
CTOTGGGAAaCCCGGTCCTGGGCTTXT^Cpio^ATTtSpas 

partial aTOino acid* ^eiiuience dfeduced prom tTae gendlKlic ClftffA Sequence 



DCGKMSARTH 



FHDDMVIifeElC 

ARMXDVJpKIj 
LENKYHGRVM 



QAXjVTPFHGX 
THAFATIiASR" 



iL'wx.i'Jcicsavii 

V 



6. APR. 2004 15:35 



HARRISON GODDARD FOO 



NO. 838 P. 41 



Ca^TGACrGlTCTCACATGTCGGCGCGSMTCaaraCTOflf^^ 

JVVTSTTCRTCAXGCTGTSCCaAATAGTGTTSATrrGTOii^^ 
CCet3T$TTTeCGTTQCATeiU3CAC&TJQTT^ 

SiroATPWSJ^fiTTTGATTGGCT^JGCGCGTAATOTCT^fTGXlCSCCATTXCa^ 

TATCC«W0a».TGGCGGTGOCGAJ$?5«CAATCTCTAC^ 

TCGAaGAACOriTJGGGCATC«V5<5ai^!^ 

CTCTTOGTCAeCCATOGTGT!AGCTGeS«JflCTG^ 
TCrC<?GCCAATCTTaXSA'£*ilCC^GAAAGAj9e^ 

GQkpCTcduiOTCC^AAGACrCCATCMTSCTACC^ 
3iAGAGCGAATOICTW'3rTGC&TCC3TTGTGCRMAAlS<^TGTTT 

AAOAASTGSTCACCGTTaATT! 



F&guve fid 



AHHLAAVIiIiG 




PGGBQTLIiRF 
}>TKOFfifiLGB 

YIQBAIjPiiAS 
WVQITLSHPS 

cAoe 



KSETTKPLIjP 

HD0(3HM@ART 
VFALHEHHFT 
icUDGHAQRTT 
RPXS13XH2CEG 



3g;.PHrvxGsir 
TvyAiyeCAL 

LGAIiWFPlirS 
NyiiASXOT3U^ 



SHnTQGABSr 
ISVJWWICA3H 
PST^PERXAFV 



IPTOQW 06- Apr- 04 04^ 



t 
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TpPgSg — Thai ass slog ira P3eudbw.a3fta. 



7\3CA<:3v<^tcttcgtctcattgttagatgt|^cAcgcg^ 

<3CCCGACTCTTCATAACATCa:CAGGACCQTGei^^ 
GATGTTCCAGCG3^GTC<5TC&,TCGGrasTCqbGGTCAC^ 
CCAGTTTCXCCTCGCCCGGTaiTTC2ATjJpX©^ 
TCCACCACTTCa;CGTTOCTCGAt33iATGAT!o:GaAAA 

CyGCGTGG^AATQCAATGAGGAMGTeAdtGGGTGd^ 
GATGACGAGGAATGCCGTACTACTTTGGMCGTQMCf^TTCAT^^ 

GTACGATCTTTCAGGTGAGTGCAAi^TTG-ds^^'S^©^^ 

TATXCXGTATCGGCAaVGACGATATTGT<?|ITCTC^Aa^k^ 

CCLJi.TX'^ea'^CC^rCCTACTTCCXCAGGATGjBCMAA^ 

AClG<:aTTTm.CACCCRA2VAAGGACGrnGA^ 
TCTeC<X:CCGaAACGGCTGCCGTTCrT<3j^^ 
GCAGACGOASCTXAACtTTaJlMAAGTTO45G^W 
■ GGTGGTGGGAGAGGOACTa-TGTCCATSA^sbt^^^ 
GCATCGXTGGTTACAGGAGCAGCATTG&OTGCGGA 

J^X<3'AX^;^T^).X7CJ^XGGTGXTG^TA:?lGTTqk^ 

GCTGCCGXGGC!EGCTGGTTTGG6AqCAACpXGGTOd|^^ 

CAAGCATCACGCXTTGAGXdAGTtXGACTpTTGT^ 

GXTTAAAGATTOAATClAAXACCAXCGlJAdtrCMal'd^^ . 
AATTOCAACA0CCAAC«3AAATGSeAGXT(iATeAA<^pATO 

CATTXCTCXTXCCTTMGXCCCGG&TCC^ 
AAGAirCCAAC5ACTACATCTTCTAtaGTCqCXTGTCCS?TG^ 

GTC::CCC^ATacAA^kOl5ATGAA«MG0(N^ 

TTQTXGACCTTCXTCCCAGCTCAGGTGTdGG?^3CGapCTGXCXXCCTC 
XGGGCTCATGTCTGCACXGATXGXTACTOjCGACAC^^ 
ATTTTGAGGAGXATCACCCXGAXTGGGTG2^<^GCTdiAGXTTGAG^ 
jy3A2AWGTteTC3iCGACTAATCCAXXCTCT 
GCAAXACCAOTTGGAeCAXCACTXexXCCSCT'SrCC^ 
CTTAATGaOTGTATCTTGTACCATTGTXdAC'J^TCTraTTC^ 
CTGTTGGAAGGGTATGAGCCTAGCACaiTaawrGGTOTO 
ACXCGATTXA^ViG^TCAIUyrACCjrTACX^ 
XGAC^sTGTOTCCC ! ! ^ 



' QPfi'VpPTlSSG 5TRKAHPAGPH WXDj«?XD<3HBA TE^jMDAFHTQ KBHEMyKRIiP ASAPETAA.Vii 
EASAAPirSQT ELNETSKLRDq' LES.EGWW,EE±> FvisGKLLAI *WASIiVTGAAIi XAESAPPL©X 
FBLGLSMTWA GWLGHDYIHG VDKFSQVMEP J-AjiKrAJ^LGP XWWSDKKSTKH HaXiSESDSCC 
YCKGSLKIES" IPSYSYPQiBS FKRMSQl|HQe 



LIVTPTKQSE BYFEEYQPDW VTAQFSSjTBir AVTJXJiiPPigBW I»WGGMQYC£LiB HHIi3FPSMPR 
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A 



— ^ r-^ I 

CTCACCCCCGCt^GC'X'TGGCGTCCOGGTCGGCGCGCTTOO?KTCGTTTGTO^ 
OTCTCaVCMiTTmTCSvMCa&CGAGCTGM 

TGCCGTTGGLATGTCCTTGTCGTTGa^CTCGjJMTjyrGJ^ 

ATTGCAACTCAaT^XC2^TTGTCCATCTGpi^TC3^ 

ClA^OTTGTGCCACCGTCCJwClGCATTCa^ 

CGCCGCCTTCGIVCGCCGJ^jySGCTC'xCAGCapC^ 

TTGOAGiLTTT<aJ?i.'PTCCSGa!i&AGTC 

<33^TrTCGAG2iAGGGATATCcSTGATTTACGip^ 

02^^t?TTCf^GTGG5i.GT3\AGMGa:^LTTATdCM 

TGTGGATOTGGTTGGTGGCGGTGGCCATJapn^GTACmCT^ 

TGGlATGGCTTGCGCACOACTa}TCTTCACGkcd^ 
AGTAGGGAGI^CTGGTTGGas^TCTTTTGGpGlGATd^ 

eTTGCajC?iACTCTTGCTTGGA 

C<SBwTGCCACTGCTTGCTTGGAGTCTC^©C^%.« 

ATC2iATAAGGGA2Uy3<3^c:!AQTAGC^^ 

eSClATTCAGAT&CrrCCCCa^XCC^ 

AT!3AATCCTTC2kAAACTGeACTC(MACTdjGGAGCT 

AAOTTGGAGTTGGAGAAGCGTGQffi.C'rTC^^TAGCC4^ 

TGGAATCMCCTTCAO^ACACTXGGATtS'aSTeSTCC'Xjic 

GAAGG^C3GTCTCTTCCA'PATTCtATCATC^TAtTT6T[j^ 

TCCTCGGGAGTTTTCiGTCGGA'tXGCTCXTjTe^T^rrG^ACAC^ 

G»ECa.GaOTACG2VTGCCAGCACGCGACCTG!^iLCtTCTt^^ 

CCAGTACAC©TAACA'SCA'CaN3<5TGGACAC 

GATTGG-TTCTGCGGTGGAOTGCAAaACC7mS'pGGAT|CACC^ 

CATati.CCGCCTAGAAACJ^TATC6CGAAA!^OC0AC3^ 

TCTGTAAGGAGTGGGGTCarGAAGTAGCAT?GAGGCC?^ATA:r«ST^ 

accgtggaagtcttgcaacatctctgca^jLggtgtcg^ 

GGAGATGGTGAAfiOAT^TCCCTGCCATGgAAkcACCJTAT^ 

^C'r*7S'^CS<5TTGCTGGAGATGAATGA'ifGcfeAAC'i! 

A^TTA'X'J^AATGAACAATGTTACCCTGCftiG^j^GGTOAGQ 

CCCACCCCTTC5?ATTGTGTATa2GGTGATaATTSA5!4c^^<^ 

TGlIACATCAGATCTCTCCACTCACGQTCGAATAGTiTGCCA^ 

ACATCAAACTACTIG2UVTCTC!GTCTS^X©qfCia^^ 

a?ACTCTCAAAGG7?ATATGTAa:'3CTGTCCCdFTmTT^ 

AGGGGAAGAgCTGCATXTTCCQCTCTCTCTTCCGCGj|TGATC^ 



TTCCTAGTCCATGTCCAACQCATOTCTGGCTGCAGACCCTCfATCC^<^^ 

AGTGAG-XTGTGATGTCGCTGATGTACTCcicCQTCT^^ 

TGTCACAi\.Ctr<lAGGGTCACCaaiGO>i:^C*^ 

^GATCCGATTTCCCAtCCCeaAGaAAG4tiTiCCT(?GGAZ^^ 

CTTGAAAGTGGAGGGT©ACGJi^^AAtTGG^ 
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figure 8b 



to -imp rove yeast -expreesiow. 

<35ftC3«:G<KMTCCCXyATXCTTTGTSGftffTI3GTrcp^ 

QATCAC<?M^CTTeecGftaGMGccia^^ 



Figure 6c 
AmizLO acid. seq,iience deduced £ 
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eGaTAJU3CAGaTCbA5fAGSCGGGBGATCTTCiK*G*CfeA£23y^GAGG^a^^ 





CA.CACCmGTCCTCGXCATTAGCGACTTTpCGTCCC^ 

GAGCTCaTCCTCCTCGCTTCC<3<KUSLARGAG^ * 
TCTTGTTQSTXGGATTTXGGTACTGraT 

gtttg<:gqcattcatcc5c5c^.C^'?:gtattc^c:acgap 

C^i^CTCGCTClAG2UiLCAAGTTACTCAAC^ 
ATa?i.'XCdGQTGCG&GTGC6TTTACGTGGG2^p-CT^ 
■ TCIATCCATATACOJRAT<3t:GTTGGATGGGGi]K3G 
GGGGGGAGGATGTTGCTTO<5<5^AAaAGj5ATCAGGj^^ 
AGMAGaGAGAGAGTCTA*rX«T0TGAA4^C^^ 
XG^^^CGAGACa^CTCTAAGGCA'aaGC^^ 

0^9:c5^AtrGCAGACGTATTCTdca;ccTrpa^ 

CCTCqATAO^CCTCATGGTATCATAAATikc^a^ 
CCCTCTTTGCATXi^AXGACACTTGCGAAApTATTCd^ 
GTTOCCACATCCC5dAd<^J^T'rJv^TCATAli|r63|^TGCG^ 
TTCGGTATGGAATO'ECU^0:GAGGTTTTGGGbTATGA3^ 
GATATATGAT6GGAa:TAqd?ATCTACTTT,k^ 
GGATTGTTTGTTATTGGGCATTTSGGGT^lTQGAQAd^^ 
GMTATTGXGAATCACGTCATTC^SV^tS^-rdpGJ^GTT^ 
TOOT-rSG^CGGTfiCGAGTCATGXiWtoTOA^ 
^C'TGTATTGGGAGATACaVCCaATGGAyUUite 
AZ^GCAACAGCaATAACAACAAGAAGAa^ 
CCGTTCCA^TCAACGAGTC^GGGAGCACTqpA^iSC^ 
TGGTCTCCAOgCT?C?^^GGTTCTGGAMC^^ 
TCmGATTGSJGCATCACa^T&TSCCCC^^W^C^^^ 



Ca^JGJkCMAeAGTAATTTGT-iU'^'i^^^ 
GAAGTra?TGGGTAAAGCCA?U^TGTGAGtjAGGTGTltAGC5^TAT^^ 
GTCGAGTTGTCTCATT6OT7?AAA2^^AAdG^^^ 

GTCCG^AGG3y3TTTGACCTCACTCATTGTAACT'1X|^ 
CraCTGGTGAGCTTQGACGJ^TACAGTCGGNCAGAAim 
ATGCAGAGGAAAeAGGATATACT&TAT^TCCG^e^AATCGAT^ 
GGGTGAGGTGGTGTACATCACTTGTG3ySG^CtUU?.GJ^lH3(^ 
TCAAG2^GGTCCATACCTA?iACATTTGAGC5GGTCTTC3GGAGCIUl^ 
CAGAG^i.T^GAATGGTCCATTCGGTATTT^TTGTTG^JGTGCG^qraTTO^ 
JyQQAACAGCa^AGCAACACACCGGGG .] , f * 
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Figure Sh 
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C^fiSD PDVFSSFPLM RMHPX-HTTeW 
TJIQCy^StlLYAP 3?IiFALMTU^ VPQQDFBj^AT 
GTDOyiGIiPIYF HGVLRGVGXjB' VXCSHI^M 
iCKIW^^TVXj GDTPMBJarRE Si^!KSWS|l5W 
GS?7j5Ti*lSrfS?50 GLSHQXEHHL PMlCKTjfcnrd: 



SElA.Q)EJNTPIt SAWCAVHSTP ATSD5S5JS»iWr 
SVLFBXli'ire'H- CTPTSLIQKL QIGVMBBBW 
RRgIbkBIWXK. AXjFLliVGPWY CLyKEOTTSD 
H^APAQNKLL NKLAGWTLBM IGMAFTWEt ' 



SeEia-XHXDAN VR»0$VttM^ RFWJUyiKVI'IM 
lEIk LA.TkpiVWHV IEGVSYGTKD LVaQ?W5HWB 
5QCKbEKNSVP SVPFHDWMV QCQTSVaWSP 
HIOTVS?BSTC ^YGVPYQSE ENIjFVAYGKM 
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?5cCSSMaCTCGTCCTTGCRQCaCTT<5TTj3TCATCd^ 
OT(SGeaR!rocrTCTACCCGCCGaOCiV^CGTifc<3©caA<^GSCG^ 




Tl3C©TC*W«CTTCCrcCA.<SaATCOCATTaT4TXW«?5MS*6STTCGTOG&^ 

ATCACSTCflTTGtSACamSfeCQCATAbACCikcKTTO 

COTCGATTQCAGTCGGTMTee©TTSaAC[|TACTGA3|^«a?lfcGTQB^^ 

CaaACCIV?V<K3TTTC!ftTACaj«a«y2GTTGI^ 

GTC<WGaUi,C?WTTACTCCATTTdCTTG(3ac4TATGTTSC&C^ 




GAGGCCATCJmX3CaCaiCTTTQCa.Ca.TAC!^J^^ 
TACrGAT3tG4 
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XGTGGCAACCCTXxCCC^^^ACGTTGCTTGGTGdAGGA^^ 

TCTTGCT5^T2«3AGTTTGTAGAC:?^STCCGTCT6C|^i^^ 

CTATOC3^WCriCTACGTCGCTTGB,C::AQ^^ 
AGiU»wGa.Cl^^C2\5AACCG2kGCCCTC^ 

AACCGCATCCCCACC2*k.l^CAGGTACCGTii^ 
C<X:CGG<aGCCZlATCCe^CCGAAGCCTCAAA.TjCTCTj^ 

ijS^jSy^OTTOTCjl^GTTCTTTdGT^GGJiJ^ 
T3«rGAT*CATCCGTATCATACGd<SaMkM3^ 
TTGGiiJsi^G'rTGTAGATrQGCAGTTOGfl^^ 
TTGACGTTGTTOXXG'SGTCATTTCGTTCTfcTCC^^ 
' CCTCTACAGAcCTCTT^CG^TACCATAGCmCAAGTO 
A?^.CGAGAGATCaU!0^TCiy3A?^GTGTTCAa^^ 

TTCGGCACiU^GAGGCTACTTCC'rCCGTScfcTTTTTCpACATCGCiTCTCTX 

CTTCACCATGCAATACACTTTdGCC?^C12^TpG2!LCCA^ 

ATCACTGGTMCAGAGa:G<^GTATTCATdjCAA 

C&©OC^XTCfr'XTGGGTTG2^T6TCC2lGC^^ 

C2iu5TaaGGQTCCCTCGGXGAATGACd?TGl|TG6^ 

TTGGATCTAAC2W^T6GLaATTSGATGGC:^^ 

TACACTA^^CATAGTGAGakSlSAXCCCS^y^ 

ATAGdTTCCA<3<3GMGG'K2^CTTCCTCTTdkTG^ 

TGGACTGTATXCAk^CCGCJATTCATTGS^CTTCGd^ 

GTACGTCGGAATTCA^^TSGAGJ^TCaTTp 

ACGCCGTTGCATTGAGGATGATGTACATT^pAGTTGm 

"TTCATGAACaAT'GdTTlGAGCtGGTCTAcbTTTGGm 

ACTTCATCl!AWroSATCSTGATCCSA • ' 

GA&CARGTGTGCTGGTaiCAAGTCGCAGGajb^ 

GGGTTTTATTTCC©GATGTCtTACGGGA<|3ACTiia!^ 

ATCATCTCTTTCCCC<^'r7KTGAGCAGTGCaSlTGGTATCjbT^ 

ACGGT^C&TGAGGTTTGCAa.GSAGCi2i.CG<^GGTG2^ 

')?5GGA3ri?GGGCASA?kTTTGGTAT<^ 

GTJW^TGGAGCCAACTGGGAGCTGAAG'CCGTTJGXCr 

TTA&TTGTAtTGAarEGTCK3GAGGTGCTGC§TGGTGdTfTd^ 

GAGTQCATG'5T:?^A^feCCTTGTTTGTGXd'TTG'rTGaf;CTXC^ 

TATCAGTrrCGATAXGTtGCn.TTGTAAGqi:CCTCG4cTTGm^ 

AA^teTaJSCATAAcairracc^^ 

' ^CGCAATGCCTCTCTaRTAACCCCGAiU^CAIlfcTCGS^ 
^AATCQTCCATGTTTGGCASCT<3a^XCdAGCCCT3p 

ACTCftACTCClV^CGGAGTCSACTTCG-m^^ * 
GCAACCGTGCCCTCTCTACC?^TCT?GCOTTa]AlVGi^ 
GCGATTCCAGGmSTAgcSTg^T^^e'irCGCXdGtSaAGAdACTGATG 
TTTGTATTX3TGATATAjCTGXGCXGGTOCdC(5P^TCG^^ ' 
GTTGHQACTGTGCOTTGGATGCTGGTGtrd^ 
GGA'0GTO?^TGXTtfSTO^J\CTSASGAGArPGCGCGCASA 
' GTOgAe6GtTATA*lATTTleOCc35^ 

TATGTCGGGCfeASGGCGAABCGCGA&GGJjfGAAGCC^qa^ 



6. APR. 2004 15:38 



HARRISON GODDARD FOO 



NO. 838 P. 49 



1 ^ 

GCT (jVlanine) codon by us toj in^|:ove yeaat: eypression 



ISGATGTCTX&CGGGAGGACTCAACTMCS^&GTGGJ^^^ 



ffiflure 3llC aqid Begtieiic|a deduced from cDiSTA Bsgilence 



VRSVCKKHK^ 



BKl!ire%VBKW 



E PQSDY3CPDT 
GPI>TC3QIjNPQ 



*5fWfC3Sxfl5SDS 



5. APR. 2004 15:38 



Figure IXd 
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Tpd&sO expression in Yeast, Respite sh^wn are from sa^nples aiter 6 days 
culture ia presence of exogenousljy fed f Jrtty acids 
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TpdesI ^iq^tssiotL in Yeast. 
Results shown are from 
samples after 3 days culture 
in presence of exogenously 
fed fatty acids 
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